Neurocognitive aging studies have focused on age-related changes in neural activity or neural structure but few studies have focused on relationships between the two. The present study quantitatively reviewed 24 studies of age-related changes in fMRI activation across a broad spectrum of executive function tasks using activation likelihood estimation (ALE) and 22 separate studies of age-related changes in gray matter using voxel-based morphometry (VBM). Conjunction analyses between functional and structural alteration maps were constructed. Overlaps were only observed in the conjunction of dorsolateral prefrontal cortex (DLPFC) gray matter reduction and functional hyperactivation but not hypoactivation. It was not evident that the conjunctions between gray matter and activation were related to task performance. Theoretical implications of these results are discussed.
Introduction
As individuals age, many aspects of cognitive function become less efficient most notably working memory, inhibitory function, and longterm memory (e.g., Craik and McDowd, 1987; Gazzaley et al., 2008; Hasher et al., 1991; Nyberg et al., 2003; Rypma et al., 2007; see Nyberg and Backman, 2010) . Gray matter (GM) reductions have been reported in regions associated with these functions most notably prefrontal cortex, caudate, cerebellum, and hippocampus (Dennis and Cabeza, 2008; Raz and Rodrigue, 2006) . To confront these increased endogenous challenges (i.e., those brought on by changes to neural anatomy and physiology), as well as exogenous challenges (i.e., those brought on by changes to the environment), older adults must flexibly adapt. Changes in neural activity associated with neuroanatomic changes could be thought of as manifestations of this "neural plasticity" (i.e., adaptation-related skill reacquisition; Greenwood, 2007; Park and Bischoff, 2010; Park and Reuter-Lorenz, 2009; Reuter-Lorenz and Park, 2010; Schneider-Garces et al., 2010) if it were observed (1) that agerelated GM changes corresponded spatially with age-related neural activation (as measured by fMRI) and (2) that these age-related structure-function changes corresponded to improvements in performance (Grady, 2012; Rypma and D'Esposito, 2001) .
Studies of brain function in older adults using positron emission tomography (PET) and functional magnetic resonance imaging (fMRI) have demonstrated consistent patterns of neural activity alterations (Davis et al., 2008; Spreng et al., 2010 . but see Nyberg et al., 2010 . These alterations generally take the form of age-related increases in frontal activity (i.e., hyperactivation). These hyperactivations have been interpreted as reflecting compensation, (i.e., adaptation to the decline of some cognitive functions; Grady, 1998), de-differentiation of cognitive processes (Baltes and Lindenberger, 1997), and reduced efficiency of cognitive processes (Motes et al., 2010; Rypma and D'Esposito, 2000; Rypma et al., 2005) .
Age-related neural increases in activity might be related to anatomic degeneration (e.g., Bennett et al., 2012) . Specifically, it might be that local anatomic deficits lead to neural inefficiency as reflected by enhanced functional responses (e.g., Bennett et al., 2012; Greenwood, 2007) . Structural alterations have been extensively investigated in previous work using manual volumetric measurement (e.g., Raz et al., 2005) , voxel-based morphometry (VBM; Good et al., 2001) , and cortical thickness techniques (e.g., Salat et al., 2004) . Age-related gray matter reductions occur over the entire cortex, but disproportionately in regions associated with age-related functional deficits (i.e., prefrontal cortex, caudate, cerebellum, and hippocampus, Dennis and Cabeza, 2008; Raz and Rodrigue, 2006 E-mail address: synge.x.d@gmail.com (X. Di).
